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ABSTRACT 
Systemic lupus erythematosus (SLE) is a prototype autoimmune 
disease characterized by an increased immunoglobulin level and 
autoantibody production. The most characteristic of autoantibodies 
are antibodies to components of the cell nucleus or antinuclear 
antibodies. These naturally occuring antibodies serve as markers of 
diagnostic and prognostic significance in SLE, and also provide 
molecular biologists valuable tools for the understanding of various 
cellular processes. 
Recent studies have listed many modified DNA antigens as 
better substrates for the measurement of SLE anti-DNA antibody 
level. Reactive oxygen species (ROS) have been shown to readily 
damage not only lipids but also proteins and DNA intracellularly. DNA 
of living cells is considered to be the principal target for ROS and 
damage occurs at the site where the reduced metal bound to DNA 
reacts with hydrogen peroxide. 
The photoreactions of psoralens with nucleic acids lead to the 
formation of both mono and diadducts (interstrand crosslinks). The 
high photobiological activity of furocoumarins has mainly been related 
to their strong photobinding to DNA. 
In the present study the reaction of hydrogen peroxide with DNA 
in presence of UV irradiation caused single strand breaks in native 
DNA fragment, decrease in melting temperature and modification of 
II 
bases, analysed by various techniques like UV spectroscopy, nuclease 
S1 sensitivity assay and density gradient centrifugation. 
The partial characterization of photoadducts formed between 8-
methoxypsoralen (8-MOP) with DNAfragment ^200 bp) and poly(dA-
dC).poly(dG-dT) has been described. The formation of these 
photoadducts was analyzed by their UV characteristics, S1 digestion 
and thermal denaturatlon studies. 
The anti-DNA autoantibodies purified through protein A-
Sepharose (CL-4B) column showed appreciable recognition of ROS-
DNA,DNA-8-M0P and poly(dA-dC).poly(dG-dT)-8-MOP photoadducts. 
The strong binding potential of anti-DNA IgG towards DNA-8-M0P and 
poly{dA-dC). poly(dG-dT)-8-MOP crosslinks demonstrates the possible 
participation of a modified DNA antigen in SLE pathogenesis. 
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INTRODUCTION 
Antinuclear antibodies are humoral antibodies that occur 
spontaneously in the blood of patients with certain connective tissue 
diseases. The diseases comprise mainly systemic lupus erythematosus, 
progressive systemic sclerosis (scleroderma), rheumatoid arthritis, and 
Sjogren's syndrome (SS) (Tan, 1984). Antinuclear antibodies target a 
diverse array of macromolecules, including DNA, RNA and proteins, as well 
as protein-nucleicacid complexes. These molecules are found predominantly 
in the cell nucleus, although the term ANA often is applied to antibodies that 
bind nucleic acids or protein-nucleic acid complexes in cytoplasm (Pisetsky, 
1994). Many molecules targeted by ANA have been cloned by recombinant 
DNA technology (Chambers and Keene, 1985; Rokeach, etal, 1988). From 
these studies, several common features of protein auto-antigens have been 
established. It appears that ANA targets are highly conserved proteins that 
exist as part of complexes within cells and that fulfill essential physiologic 
functions. Furthermore, these proteins frequently contain charged amino 
acids and display characteristic tertiary structures (Tan, 1989). 
The molecular characterization of nuclear proteins revealed their 
epitope structure and the creation of defined antigenicfragments for assay. 
These antigens have been either recombinant cloned products corresponding 
to large protein regions or short synthetic oligopeptide fragments. Studies 
with these constructs indicate that AN As are directed to sequential and non-
sequential antigenic determinants and can bind to multiple determinants on 
these proteins (Rokeach et al, 1988; James and Harley, 1992). These 
findings suggest that entire surface of protein is antigenic with its jn vivo role 
in driving antibody production. 
Systemic Lupus Erythematosus 
Systemic lupus erythematosus (SLE) is a proto- type autoimmune 
disease characterized by an increased immunoglobulin level and 
autoantibody production. Immunoglobulins may combine with autoantigens, 
resulting in immune complexes which damage endothelial cells and other 
tissues by a cascade of events involving complement, leukocytes, platelets 
and vasoactive substances (Theofilopoulos and Dixon, 1982). The most 
characteristic autoantibodies are antibodies to components of the cell 
nucleus or antinuclear antibodies (ANA) (Reichlin, 1981; Tan, 1982), routinely 
detected by fluorescent antinuclear antibody (FANA) assay. ANAs can 
almost be invariably demonstrated in the sera of patients with SLE, over 
95% of patients show positive FANA test (Pisetsky, 1994). 
Table 1 lists common ANA specificities found in SLE, designating 
the frequency of the antibody and the structure and function of the antigens. 
These specificities can be divided into two groups-those unique to SLE and 
those found in other rheumatic diseases. Only anti-DNA and anti-Sm 
antibodies are unique to SLE and serve as criteria in disease classification. 
Furthermore, anti-DNA antibodies play a direct role in tissue injury (e.g. 
nephritis) that is characteristic of SLE since levels of anti-DNA antibodies 
can parallel clinical indicators of disease activity (Tan, 1982). 
Anti-DNA antibodies target a variety of DNA antigenic determinants, 
including single stranded (ss) as well as dsDNA. Because many anti-DNA 
TABLE-1 
Principal Antinuclear Antibodies in Systemic Lupus 
Erythematosus. 
Specificity Target Antigen Function Frequency 
in SUE (%) 
Native DNA dsDNA Genetic information 40 
Denatured DNA ssDNA Genetic information 70 
Histones H1,H2A,H2B,H3, H4 Nucleosome structure 70 
Sm 
U1RNP 
SS-A/RO 
SnRNP Proteins 
B,B',D,E 
SnRNP proteins 
A,C,70K 
Spiicesome component 30 
RNA processing 
Spiicesome component 32 
RNA processing 
60 Kd and 52 Kd Unknown 
protein,complexed 
with Y1-Y5 RNA 
35 
SS-B/La 
Ku 
PCNA/Cyclin 
Ribosomal RNP 
46 Kd protein Regulation of RNA 
complexed with polymerase 3 
various small RNA transcription 
15 
86 Kd and 66 Kd 
proteins 
36 Kd protein 
DNA binding 
Auxil iary protein 
of DNA polymerase 
38 Kd, 16 Kd and Protein synthesis 
15 Kd phospho-
proteins, associated 
with ribosomes 
10 
10 
Adapted from Tan, E.M. (1989); Antinuclear ant ibodies: Diagnostic 
markers fot^ autoimmune diseases and probes for cell biology. 
Adv.Immunol. 44, 93-151. 
antibody can bind both ss and dsDNA, lupus sera show reactivity with both 
antigenic forms. Despite the occurrence of antibodies to both ss and 
dsDNA, most clinical assays are designed to detect only antibodies to 
dsDNA because of increased specificity for diagnosis (Pisetsky, 1993). 
Like anti-DNA, anti-Sm antibody is considered a serologic criterion 
in the classification of patients with SLE. Anti-Sm antibody has not been 
directly associated with either disease activity in lupus or particular clinical 
manifestation, and although anti-DNA antibody levels frequently fluctuate 
during the course of lupus, anti-Sm antibody levels remains more constant. 
Serial determinations of anti-Sm antibody therefore are not performed 
routinely in patient monitoring (Arnett et al, 1988). 
Polyspecificity: Reactivity with Non-DNA Moieties 
Some monoclonal anti-DNA antibodies show a wide range of 
polyspecific interactions, these include binding to phospholipids, 
proteoglycans, bacterial antigens, and proteins such as IgG, nuclear 
proteins, cytoskeletal elements and cell surface antigens (Madaio et al, 
1987). This broad pattern of specificity can be explained by the interaction 
of these antibodies with conformational determinants that are not strictly 
dependent on certain chemical moieties for their representation. 
Polyspecificity also provides novel pathogenic mechanisms, allowing 
anti-DNA antibody to form immune complexes with non-DNA antigens or 
mediate disease by cell toxicity as well as immune complexformation. The 
phenomenon of polyspecificity has implications for mechanisms of 
autoantibody induction. It is possible that any of the crossreactive antigens 
bound by anti-DNA antibodies serve as "immunogenic triggers". 
The anti-DNA antibodies could arise from stimulation by another self 
antigen, as has been demonstrated in case of immunization with cardiolipin 
(Rauchetal, 1984; Eilatetal, 1986). Since some anti-DNAantibodies bind 
bacterial antigens (Carroll et al, 1985), common bacteria emerge as 
attractive candidates for stimulating cross-reactive antibodies that are 
classified as autoantibodies. This cross-reactivity may contribute to their 
pathogenecity and allow an ANA to mediate disease by more than one 
mechanism (Madaio et al, 1987; Sabbaga et al, 1989). 
Modified DNA as Possible Trigger for Human Antinuclear 
Antibodies 
As regards the immunogenicity of nucleic acids, it has been found 
that although most nucleic acids are immunogenic, dsDNA of the B-
conformation is not (Stollar, 1986). However, physically or chemically 
modified DNA is usually immunogenic, and most of the antibodies induced 
by modified native DNA do not react with the unmodified DNA (Anderson et 
al, 1988). In the first experimental evidence on phage T ^ N A , antibodies 
directed to the modified bases of the phage appeared (Levine et al, 1960). 
Later on, experiments conducted showed the importance of modified bases 
for both immunogenicity and specificity (Gruenewald and Stollar, 1973). 
Reactive Oxygen Species (ROS) Modified DNA 
Electron reduction of molecular oxygen generates reactive oxygen 
species (ROS) including superoxide anion radical (O^), hydrogen peroxide 
(HjOj) and hydroxyl radical (OH) (Suzuki et al, 1991). These activated 
oxygen species, together with electronically excited form 'singlet oxygen' 
(^Oj), are often called "oxygen radicals". Free radicals are generated in 
living cells by indigenous sources (eg. oxidant enzymes, phagocytic cells) 
and also by exogenous sources (eg. redox-cycling drugs, ionizing radiation) 
(Halliwell and Gutteridge, 1989). ROS have been shown to readily damage 
not only lipids but also proteins and DNA intracellularly (Bradley and 
Erickson, 1981; Lunecetal , 1985; Wolff eta l , 1986; Allan eta l , 1988 and 
Lunec, 1990). Damage to DNA induces strand breaks (Massie et al, 1972), 
sister chromatid exchanges, subsequent production of clastogenic factors 
(Emerit et al, 1985) and alterations in DNA base structure (Teebor et al, 
1988). 
The production of hydrogen peroxide can be increased under several 
pathological conditions such as inflammation (Lunec et al, 1987), exposure 
to radiant energy and carcinogenesis ( Lewis and Adams, 1985; Von 
Sonntag, 1987 and Huttermann et al, 1992). Hydroxyl radicals are an 
extremely dangerous species and react with very high rate constants with 
most of the molecules present in the cell (Schulte-Frohlinde and Von 
Sonntag, 1985). These radicals act by hydrogen abstraction and addition 
and electron transfer (Hutchinson, 1985). Chemical moidification have 
widely been used to understand structure-function relationship, catalytic 
properties and ligand characteristics of proteins (Habeeb, 1970; Stark, 
1971). Modification of amino acid residues of proteins has been performed 
earlier with an aim to understand the influence of such modifications on their 
physiochemical and biological properties (Shah and Ali, 1988 & 1989). 
Native calf thymus DNA undergo chemical alterations upon exposure to 
hydrogen peroxide in presence of 254 nm UV light (Ara and Ali, 1992). 
Single strand breaks, decrease in melting temperature and modification of 
adenine and thymine bases were some of the changes observed in native 
DNA (Ara et al, 1992; Ara and Ali, 1992). 
Blount et al, (1989) showed that denaturation of dsDNA by ROS 
results in an increased binding of anti-DNA antibodies present in sera from 
SLE patients. ROS denaturation exposes base residues in the DNA 
backbone and minor regions of ss DNA (Blount et al, 1994). It was observed 
by the same group (Blount etal, 1990) that ROS modification of human DNA 
produces a more descriminating antigen for the diagnosis of SLE. ROS-
damaged DNA may, therefore play a significant role in the generation of 
immune complexes which are of recognised importance in the pathogenesis 
of this disease (Lunec et al, 1994). 
Furocoumarin Modified DNA 
Psoralens are natural furocoumarin derivatives present in many plant 
species, including edible ones such as figs, celery, parsley or parsnip 
(Scottetal , 1976; Ivieetal, 1981 andAshwood-Smithetal, 1985). Several 
psoralen derivatives, including psoralen itself, 8-methoxypsoralen (8-
MOP), 5-methoxypsoralen andtrioxsalen (4,5',8-trimethyl psoralen) have 
photosensitizing properties (Scott etal, 1976). Psoralen photochemistry is 
specific for nucleic acids and is better understood at the molecular level 
8 
than all other methods of chemical modification of nucleic acids. These 
compounds are used both for in. vivo structure analysis and for 
photochemotherapy since they easily penetrate both cells and virus 
particles (Hwang et al, 1996). 
Psoralens are DNA-intercalating and binding drugs widely used in 
the photochemotherapyof skin diseases (Chastagneretal, 1944). Moreover, 
these classes of compounds have been used extensively both as DNA 
modifying agents and as probes to analyze structure and function of nucleic 
acids under a variety of conditions (Bachellerie et al, 1981). The formation 
of adduct is efficient in DNA because furocoumarins intercalate into the 
DNA helix and are in close association with the DNA bases (Lipson et al, 
1988). Sequentially the adduct formation proceeds through molecular 
complexing, photobinding of furocoumarins to DNA on UV-A (320-400 nm) 
irradiation (primarily via thymine), andfinallycrosslinking of furocoumarins 
between the strands of DNA (Cimino et al, 1985). 
Alterations in DNA resulting from the photoreaction could lead to 
development of antibodies to DNA or could precipitate SLE. Psoralen-
DNA photoadducts may also play some role in the pathogenesis of SLE. It 
has been observed that DNA-8-methoxypsoralen results in significant 
binding of human anti-DNA autoantibodies (Arjumand and Ali, 1994). Recent 
study of anti-DNA antibodies indicates that SLE sera have a significant 
capacity to bind to PUVA modified DNA fragments (Arjumand et al, 1995). 
The strong binding potential of anti-DNA antibodies towards DNA psoralen 
crosslinks demonstrates the possible participation of a modified DNA 
antigen in SLE pathogenesis (Arjumand et al, 1995). 
It was demonstrated that 8-MOP crosslinked DNA are capable of 
inducing high antibody response like many modified as well as 
conformationally altered immunogenic DNA molecules (Alam et al, 1992; 
Ara and Ali, 1992; Arif et al, 1994; Ara and AM, 1995). Recent studies 
demonstrate that ~80% of DNA molecules are crosslinked, inducing 
immunogen specific antibodies recognizing both psoralen crosslinked 
DNA and 8-MOP crosslinked poly (dA-dT). The antibody did not show 
recognition of B-conformation or nucleic acid bases (Arif and Ali, 1996). 
These crosslink specific antibodies can be utilized in the assessment of 
photoadduct level in an individual. 
Objectives of Present Work 
The present work describes the modification of DNA fragments 
(- 200 bp) with reactive oxygen species and 8-methoxypsoralen. Poly (dA-
dC) poly (dG-dT) was modified with 8-methoxypsoralen. These modifications 
were studied by ultraviolet absorption spectroscopy, thermal denaturation, 
nuclease SI digestion and alkaline sucrose density gradient cetrifugation. 
Sera from SLE patients were screened for the presence of anti-DNA 
antibodies by direct binding ELISA. Binding specificity of affinity purified 
SLE IgG towards modified polymers were ascertained by gel retardation 
assay. 
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MATERIALS 
Calf thymus DNA, nuclease S1 {Aspergillus oryzae), poly-L-
lysjne, poly-D-glutamate, bovine serum albumin, ant i- lgG-alkal lne 
phosphatase conjugate, ethidium bromide, Xylene Cyanole FF and 8-
methoxypsoralen were purchased from Sigma Chemical Company, 
U.S.A. Synthetic polynucleotides, micrococcal nuclease, Sepharose 
4B, agarose NA, Ficoll 400, were obtained from Pharmacia Fine 
Chemicals, Sweden. Para-nitrophenyl phosphate, Fol in-Ciocalteu 
reagentand Blue Dextran 2000 were purchased from C.S.I.R. Centre 
for Biochemicals, New Delhi . pBR322/Hinf digest (DNA M.W. 
markers), EcoR1, Hael l l were from Genei, India. 
Polystyrene microtitre f lat bottom ELISA plates having 96 wells 
(7 mm in diameter) were obtained from Nunc, Denmark, Acrylamide, 
ammonium persu lphate , b isacry lamide, N,N,N' ,N ' te t ramethyl 
ethylenediamine, Tween-20 were from Bio-Rad Laboratories, U.S.A. 
EDTA (disodium salt), hydrogen peroxide, sodium dodecyl sulphate, 
chloroform were purchased from B.D.H. England. Diphenylamine and 
ethanol were chemically pure. All other chemicals were of highest 
analytical grade available. 
Equipment 
S h i m a d z u s p e c t r o p h o t o m e t e r UV240 e q u i p p e d w i th 
thermoprogrammer and controller unit. ELISA microplate reader MR-
11 
600 (Dynatech, U.S.A.), ultraviolet lamp (Vilber Lourmat, France) 
short wavelength ultraviolet lamp (spectroline R-51, Black light Eastern 
Inc. U.S.A.), Agarose gel electrophoresis appratus GNA-100 
(Pharmacia, Sweden), and Beckman ultracentri fuge were the major 
equipment used in this study. 
METHODS 
1. Determination of DNA Concentration 
DNA concentration was determined by the method of Burton 
(1956). 
(a) Crys ta l l i za t ion of d ipheny lamine 
Diphenylamine (2g) was dissolved in 200 ml boi l ing hexane 
Approximately 0.5 g of activated animal charcoal was added. After 
f i l tering the hot-mixture through Whatman No.1 fi lter paper, the fi ltrate 
was kept overnight at 4°C. The recrystallized material was fi ltered and 
dried at room temperature. 
(b) Preparat ion of d ipheny lamine reagent 
Recrystall ized diphenylamine (750 mg) was dissolved in 50 ml 
glacial acetic acid containing 0.75 ml concentrated sulphuric acid. 
(c) Procedure 
One mil l i l i tre of I N perchloric acid was added to 1 ml of DNA 
sample. The tubes were incubated in a thermostat water bath at70°C. 
12 
One hundred microlitre of 5.43 mM acetaldehyde was added followed 
by 2 ml of freshly prepared diphenylamine reagent. The contents were 
mixed and tubes were kept at room temperature for 16-20 hours. 
Absorbance was read at 600 nm. The concentration of DNA in unknown 
samples was determined using calf thymus DNA as standard (Fig. 1). 
2. Determination of Protein Concentration 
Protein was estimated by the method of Lowry et at (1951). The 
protein estimation by this method utilizes alkali (to keep the pH high), 
Cu^ "^  ions (to chelate proteins) and tartarate (to keep the Cu^^  ions in 
solution at high pH). 
(a) Folin-Ciocalteu reagent 
The reagent was purchased from C.S.I.R. Centre for 
Biochemicals, Delhi and diluted 1:4 with distilled water before use. 
(b) Alkaline copper reagent 
The components of alkaline copper reagent were prepared as 
follows: 
i) Two percent sodium carbonate in 0.1 M sodium hydroxide. 
ii) 0.5% copper sulphate in 1.0 percent sodium potassium 
tartarate. 
The working reagent was prepared freshly before use by mixing 
components (i) and (ii) in the ratio of 50:1. 
13 
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Fig.1 Standard plot for the colorimetric estimation of DNA. 
14 
(c) Procedure 
To 1.0 ml of protein sample was added 5.0 ml of alkaline copper 
reagent. The contents were mixed and al lowed to stand at room 
temperature for 10 min. Working Folin Ciocalteu reagent (1 ml) was 
added to the tubes, mixed and left for 30 minutes at room temperature. 
The absorbance was recorded at 660 nm. 
The concentration of unknown sample was evaluated from a 
standard plot constructed by using varying concentrat ions of bovine 
serum albumin (Fig. 2). 
3. Purification of DNA 
Calf thymus DNA obtained commercially was dissolved in 0.1 M 
SSC buffer (0.015 MNa-ci t rate,0.15 M sodium chloride), pH7.3. The 
DNA (2mg/m l ) was then mixed w i th e q u a l vo lume of 
chloroform.isoamyl alcohol (24:1) in a stoppered cylinder and shaken 
gently for an hour. The aqueous layer containing DNA was separated 
from the organic layer and again extracted with chloroform-isoamyl 
alcohol. The DNA was precipitated with two volumes of cold 95% 
ethanol and collected on a glass rod. It was r insed with ethanol by 
pressing against the wall of the container. The DNA was then dissolved 
in 0.03 M acetate buffer, pH 5.0 containing 0.03 M ZnCI^ and treated 
with S I nuclease (250 units/mg of DNA) at 37°C for 30 minutes to 
remove single stranded regions. The reaction was stopped by adding 
one-tenth volume of 0.2 M EDTA. The nuclease S I treated DNA was 
extracted twice with chloroform-isoamyl alcohol and finally precipitated 
15 
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Fig.2 Standard plot for the colorimetric estimation of protein. 
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with cold 95% ethanol. The precipitate was air dried and dissolved in 
PBS (10 mM Na-phosphate, 150 mM NaCI pH 7.4). 
4. Fragmentation of DNA 
Micrococcal nuclease was used to digest purif ied DNA to obtain 
smaller fragments (AM e ta l , 1985). Purified DNA(2mg/ml) in 100 mM 
NaCI, 6 mM Tris, 2 mM of CaClj , pH 8.0 was treated with 1 unit/4 mg 
DNA of micrococcal nuclease at 37°C for 6 minutes. One-tenth volume 
of 0.2 M EDTA was added to stop the react ion. The mixture was 
extracted twice with chloroform-isoamyl alcohol and fragmented DNA 
was precipitated with distilled ethanol. The precipitate was centrifuged, 
dried and redissolved in 30 mM acetate buffer, pH 5.0 containing 30 
mM ZnCl j . The solution was digested with nuclease S1 (250 units/mg 
DNA) at 37°C for 30 minutes. Digested fragments were extracted 
twice with chloroform-isoamyl alcohol and precipitated with disti l led 
ethanol. Fragments were dissolved in Tris-buffered saline, pH 8.0 and 
passed through a 46.0 cm x 1.2 cm column of Sepharose 4B 
equi l ibrated with TBS and fractions of 4 ml were col lected (Fig. 1). 
The size of DNA fragments were analyzed by 7.5% PAGE. 
5. Polyacrylamide Gel Electrophoresis 
DNA fragments obtained after digest ion with micrococcal 
nuclease were subjected to polyacrylamide gel electrophoresis (PAGE) 
to determine the extent of fragmentat ion. This was done under non-
denatur ing condit ions as described by Laemmli (1970). 
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a) Buffer and other reagents 
i) Acrvlamide-bisacrvlamide (30:0.8) 
A stock solution was prepared by dissolving 30 gm of acrylamide 
and 0.8 gm bisacrylamide in water to a total volume of 10 ml. 
ii) Resolving gel buffer (3 M Tris-HCI. pH 8.8) 
A stock solution (3M) was prepared by dissolving 36 gm Tris in 
48.0 ml I N HCI. 
The pH was adjusted to 8.8 and thef ina l volume brought to 100 
ml with water. 
iii) Electrode buffer 
0.04 M Tris, 0.005 M sodium acetate and 0.001 M EDTA, pH 
8.0 
Recipe for 7.5% gel 
Acrylamide-bisacrylamide 7.50 ml. 
Resolving gel buffer 3.75 ml. 
Disti l led Water 18.75 ml. 
1.5% Ammonium persulphate 1.50 ml. 
TEMED 15.00 pi. 
(b) Procedure 
The PAGE apparatus was assembled and the plates were 
sealed with 1 % agarose from the sides and the bottom.The 
polyacrylamide gel was prepared and poured between the glass 
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plates separated by 1.5 mm thick spacers. This was allowed to 
polymerize at room temperature. One microgram DNA samples was 
mixed with one-tenth volume of the 'Stopmix' (30% Ficol l , 0.025% 
Xylene Cyanol FF a n d 0 . 5 M E D T A in 10 X electrophoresis buffer) 
and loaded on gels. The gel was run for 8-10 hours at room 
temperature at 70 volts stained with ethidium bromide and visualised 
under UV light. 6. 
Modification of DNA 
(a) ROS-modification 
Aqueous solutions of calf thymus DNA fragments of'^OO bp 
(0.15 mM bp) were irradiated under 254 nm light for 30 min at room 
temperature in the presence of hydrogen peroxide. The concentration 
of hydrogen peroxide, determined by titration with sodium thiosulphate 
was 15.1 mM. Excess of hydrogen peroxide after irradiat ion was 
removed by exhaustive dialysis against PBS. Unirradiated samples 
were used as corresponding controls. 
(b) Preparation of DNA-8-methoxypsoralen photoadduct 
One hundred ng fract ionated DNA (^200 bp) was thoroughly 
mixed with 8-methoxypsoralen (33.3 pg) in a total volume of 1.0 ml. 
The mixtures were kept in dark for 4 hrs at room temperature with 
constant stirring which resulted in intercalation of 8-MOP in DNA. 
The complex were irradiated for 10, 20 and 40 minutes using 
il luminating wavelength of 365 nm at room temperature. This resulted 
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in the formation of the covalently bonded photoadducts, which were 
extensively dialyzed against 0.01 M phosphate buffer pH 6.8 to remove 
the unbound drug. Unirradiated samples of DNA and 8-MOP in 0.01 M 
phosphate buffer pH 6.8 were used as the corresponding controls. 
The formation of interstrand crosslinks by photoreactions of 8-MOP 
with DNA fragments studied by UV spectroscopy. 
(c) Pho toadd i t i on of 8-MOP to po ly (dA-dC) .po iy (dG-dT) 
Eighty |jg of poly(dA-dC).poly(dG-dT) was thoroughly mixed 
with 8-methoxypsoralen (25 |jg) in a total volume of 1.0 ml. The mixture 
was kept in dark for 3 hours at room temperature with constant stirring 
which resulted in intercalation of 8-MOP in polymer. The complex was 
irradiated for 30 minutes using il luminating wavelength of 365 nm at 
room temperature. The photoadduct was extensively dialyzed against 
0.01 M phosphate buffer, pH 6.8 to remove unbound 8-MOP. Sample 
of irradiated poly (dA-dC).poly (dG-dT) and 8-MOP in 0.01 M Na-Pi 
buffer pH 6.8 were used as corresponding controls. 
7. Determination of IVIelting Temperature 
Therma l d e n a t u r a t i o n ana lys i s of n u c l e i c ac ids was 
accomplished in order to ascertain the degree of modification incurred 
on the nucleic acids by determining mid-point temperature (Tm). 
Native and modified DNA samples were subjected to heat 
denaturation on a Shimadzu UV 240 spectrophotometer coupled with 
a temperature programmer and controller assembly (Hasan and Al i , 
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1990). The samples in PBS, pH 7.4 were heated at the rate of 1 "C per 
minute initiating from 30°C upto 95°C. The absorbance was recorded 
at 260 nm and the percent denaturation evaluated with increase in 
temperature as follows: 
% denaturation = x 100 
A - A,„ 
max 30 
where, A^ = Absorbance at a temperature T°C 
A = Final maximum absorbance on the completion of 
max "^  
denaturation. 
Agp = Initial absorbance at SO^C. 
8. Nuclease SI Treatment 
(a) DNA modified with ROS 
2 (jg of native DNAfrgament (200 bp approx) and ROS-modified 
DNA in acetate buffer (consisting of 30 mM each of sodium acetate 
and zinc chloride, pH 5.0) were treated with nuclease S1 
(200 units/mg DNA). After 30 minutes incubation at 37''C, the reaction 
was stopped by adding one- tenth volume of 0.2 M EDTA, pH 8.0. 
The digested samples were subjected to agarose gel electrophoresis. 
(b) D N A - 8 - M 0 P and po iy (dA-dC) .po ly ( d G - d T ) - 8 - M 0 P 
photoadduct 
DNA-8-M0P and poly(dA-dC).poly(dG-dT)-8-MOP photoadduct 
were characterized by nuclease S1 digestion followed by 
polyacryiamide gel electrophoresis (7.5%). The digesting capability 
of nuclease S1 under our experimental conditions was checked using 
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heat denatured calf thymus DNA. One microgram of each sample was 
incubated with nuclease S1 (200 units/mg of nucleic acid) in acetate 
buffer, pH 5.0 at sy^C for 30 minutes. The reaction was stopped by 
one-tenth volume of 0.2 M EDTA, pH 8.0. The electrophoresis was 
performed on 7.5% PAGE for 8 hours at 70 V. The nucleic acid bands 
were visual ized under UV light after staining with ethidium bromide. 
9. Alkaline Sucrose Gradient Centrlfugation 
The damage to DNA by hydroxyl radicals was analyzed by 
alkaline sucrose gradient centrl fugation. Native DNA fragments (200 
bp approx.) and ROS-modified DNA samples were layered separately 
on top of a 4.0 ml. linear 5-20% alkaline sucrose gradient containing 
0 .8MNaCI ,0 .2MNaOH,0 .01 M EDTA atpH 12.5. The samples were 
centri fuged at 37,000 rpmfor 1 hour at20°C in an SW50.1 rotor of a 
Beckman ultracentrifuge. After centrlfugation, the bottom of the tubes 
were pierced with a needle and contents were fract ionated by drop 
collection (0.7 ml fraction). The absorbance of collected fractions was 
monitored at 260 nm. 
10. Digestion of Native DNA and DNA-8-M0P with 
Restriction Enzymes (Hae III & EcoRI) 
(a) Haelll digestion buffer 
10 mM Tr is-HCI, 50 mM NaCI, 10 mM MgCI^, 10 mM 2-
mercaptoethanol and 100 pg BSA/ml, pH 7.5. 
(b) Storage buffer 
10 mM Tris-HCI, 50% glycerol , 50 mM KCI, 1 mM DTT, 0.1 mM 
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EDTA and 300 |jg BSA/ml pH, 7.5. 
(c) EcoRI digestion buffer 
10 mM Tris-HCI, 100 mM NaCI, 10 mM MgCI^, 10 mM 2-
mercaptoethanol, pH 8.0. 
(d) S torage buf fer 
10 mM Tris-HCI, 200 mM NaCI, 0.1 mM EDTA, 7 mM 2-
mercaptoethanol, 50% glycerol, 200 ^g/ml BSA and 0.2% Triton X-
100, pH 7.4. 
(e) P rocedure 
Nat ive DNA of 200 bp (average size) and DNA-8-M0P 
photoadduct obtained by irradiation at different time intervals (10, 20 
and 40 minutes) were incubated with restr ict ion enzymes Hae III and 
EcoR I . Following incubation of the reaction mixture for one and one-
half hours at 37°C, the reaction is stopped by the addit ion of 15 ul of 
solution containing 100 mM BSA, 0.05% bromophenol blue and 40% 
sucrose. The DNA fragments produced were analyzed on 15% PAGE. 
To check the activity of Hae III, pBR 322 DNA was cleaved with Hae III. 
pBR322 DNA shows 12-14 bands on 15% PAGE after cleavage which 
confirms its catalyt ic activity. Catalytic act iv i ty of EcoRI was 
ascertained by performing 1.5% agarose gel electrophoresis for 2 
hours at constant current of 30 mA. 
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11. Enzyme Linked Immunosorbent Assay (ELISA) 
(a) Buffers and reagents 
Tris-buffered saline (TBS) 
Tris-buffered saline-Tween-20 (TBS-T) 
Bicarbonate buffer 
Substrate 
0.01 MTr i s 
0 . 1 5 M N a C I 
pH 7.4 
0.02 MTr i s 
0.144 M NaCI 
0.00268 M KCI 
pH 7.4 
containing SOOpI 
Tween-20 per litre 
0.015 M sodium carbonate 
0.035 M sodium bicarbonate 
pH 9.6 containing 0.002 M 
magnesium chloride 
500 [jg p-nitrophenyl 
phosphate per ml in 
bicarbonate buffer. 
(b) ELISA procedure 
The specif icity of anti-DNA autoantibodies towards ROS-DNA, 
DNA-8-M0P and poly (dA-dC).poly (dG-dT)-8-M0P were detected 
and quantitated by ELISA using polystyrene microtiter plates as solid 
support (Alam and Al i , 1992). 
The test wel ls were coated with 100 pi of antigen (2.5 pg/ml in 
TBS) for two hours at room temperature and overnight at 4°C. The 
antigen coated wells were washed three times with TBS-T to remove 
the unreacted ant igen and the unoccupied sites were blocked with 
150 pi of 1.5% BSA in TBS for 4-5 hours at room temperature. BSA-
TBS was added both in antigen coated and control wel ls. The plates 
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were washed twice with TBS-T and the antibody (100 pl/well) to be 
tested, di luted in TBS was added to each wel l . After incubating the 
plates for two hours at room temperature and overnight at 4°C, the 
bound a n t i b o d i e s were a s s a y e d by an a p p r o p r i a t e a n t i -
immunoglobulin alkaline phosphatase conjugate using p-nitrophenyl 
phosphate (PNP-P) as calorigenic substrate. The plates were 
incubated at 3 7 X for an hour and the reaction was stopped by adding 
100 pi of 3N NaOH solution to each wel l . Each sample was coated in 
duplicate and the absorbance of each well was monitored at 410 nm. 
Results were expressed as a mean of \^,i-\ontror 
12. Isolation of SLE IgG 
Commercially available Protein A-Sepharose CL-4B (1.5 gm) 
was swelled in 0.01 M phosphate buffered saline (PBS), pH 7.4 at 
room temperature for 72 hours. The swelled gel (about 5.0 ml) was 
washed wi th PBS and subsequent ly packed through gravi ty 
sedimentation onto a column measuring 0.9 cm x 15 cm. The column 
was washed once with 0.1 M sodium citrate, pH 3.0, to elute any 
bound material and then equi l ibrated with f ive volumes of PBS (pH 
7.4). Serum diluted with an equal volume of PBS was loaded onto the 
column and was allowed to bind at a rate of about 20 ml/hr. The 
binding of IgG molecule to protein A-Sepharose occurs through its Fc 
fragment/regions. The unbound proteins were washed with PBS and 
the absorbance of the effluent was monitored til l a negative absorbance 
at 280 nm was obtained. The bound IgG was eluted with 0.58% acetic 
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acid in 0.85% sodium chloride (Coding, 1976). To prevent the effect 
of acidic elut ion buffer on IgG, the eluate was collected in 1M Tris-
HCI, pH 8.5. Fractions containing IgG was read at 280 nm (Fig. 3) and 
concentration was determined assuming 14 0.028^=10 mg IgG/ml. 
13. Gel Retardation Assay 
The antibody binding to DNA antigens was analyzed by altered 
electrophoretic migration. A constant amount of antigen was mixed 
with varying amounts of antibody (0-80 pg) in a total volume of 30-50 
pi in 0.01 M sodium phosphate buffer, pH 7.4 containing 0.15 M 
sodium chlor ide. The complex was incubated for 2 hrs. at room 
temperature and overnight at 4''C. At the end of incubation, 2 pi dye 
solution was added to each assay tube and the complex was 
electrophoresed on agarose gel for 2 hours at 30 mA using Tris-
acetate EDTA (pH 8.0) buffer. On completion of electrophoresis, gels 
were stained and photographed under UV i l lumination. 
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Fig.3 Elution profile of purification of SLE IgG by Protein. A-
Sepharose (CL-4B) column. High titer anti-DNA antibody was 
applied onto the column and bound material was eiuted with 
0.58% acetic acid in 0.85% sodium chloride. Fractions of 3 
ml each was collected in 1 ml of 1M Tris-HCI, pH 8.5. 
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RESULTS 
Purification and Fragmentation of Calf Thymus DNA 
Native calf thymus DNA obtained commercially was purified 
and digested with micrococcal nuclease to obtain fragments separated 
by chromatography on Sepharose 4B column (46.0 cm x 1.2 cm) (Fig. 
4). The size of DNA fragments was analyzed on 7.5% PAGE using 
pBR 322/Hinf digest as DNA molecular weight markers (Fig. 5). 
Fragments of around 200 bp were used in these studies. 
DNA Modification with l-lydroxyl Radical 
Solutions of calf thymus DNA fragments of around 200 bp (0.15 
mM) in PBS, pH 7.4 were irradiated at room temperature in the 
presence of hydrogen peroxide (15.1 mM) using 254 nm UV light. The 
irradiated samples were dialyzed extensively against PBS to remove 
excess of hydrogen peroxide. The UV absorption of the irradiated 
nucleic acid samples (ROS-DNA) were recorded on Shimadzu UV 
240 spectrophotometer. Figure 6 shows the absorption spectra of 
modified and native calf thymus DNA fragments of 200 bp in the 
wavelength range from 200 nm to 400 nm. The ultraviolet absorption 
scan of modified DNA showed hypochromicity at 260 nm. 
Photobinding of 8-Methoxypsoralen to DNA 
Fragments 
Mixture of puri f ied, f ragmented DNA (200 bp) and 8-MOP in 
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Fig.4 Fractionation of micrococcal nuclease digested calf thymus 
DNA on Sepharose 4B column. 
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Fig.5 Polyacrylamide gel electrophoresis of calf thymus DNA 
fragments. Purified DNA was digested for 6 minutes with 
micrococcal nuclease followed by nuclease S1 digestion. The 
fragments were separated on a Sepharose 4B column. PBR 
322/Hinf digest was used as standard marker. Electrophoresis 
was performed on a 7.5% polyacrylamide gel for 8 hours at 
70 V. 
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Fig.6 Ultra violet absorption spectra of DNA (—) and ROS-DNA {—; 
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0.01 M Na-phosphate buffer, pH 6.8 was Irradiated for 10, 20 and 40 
minutes at room temperature with 365 nm UV light. The unbound 8-
MOP was removed by dialysis against 0.01 M Na-phosphate buffer, 
pH 6.8. The UV absorption spectra of 8-MOP showed three distinct 
peaks centered at 215, 245 and 300 nm with a shoulder at 261 nm 
(Fig. 7). Native DNA showed the usual peak at 260 nm with a minimum 
absorption at 230 nm. A substantial increase in absorption around 
300 nm indicates the formation of photoadduct between DNA and 8-
MOP. 
Thermal Denaturation Studies 
Native DNA, DNA fragments (200 bp) and DNA-8-M0P were 
subjected to thermal denaturation between 30''C and 95°C (Fig. 8). 
The process was characterized by determining the percent DNA in 
denatured state as a function of increase in temperature and by 
calculating the Tm. The increase in absorption at 260 nm with rise in 
temperature (LS^C/minute) was recorded. The Tm value of the 
modified DNA reiterate the formation of diadduct. The Tm of native 
DNA was found to be 89°C (Fig. 8). 
Thermal denaturation studies were also performed for DNA 
modified with reactive oxygen species. As shown in Fig. 9, the melting 
curves for modif ied DNA fragments display a progressive increase in 
denaturation from around SCC which persisted t i l l gCC. Further 
heating of the sample from gO'C to 95°C showed an insignificant 
increase In percent denaturation. The Tm of ROS-DNA was found to 
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Fig.7 Ultraviolet absorption characteristics of DNA (a), DNA-8-M0P 
photoadduct irradiated at 10,20 and 40 minutes (b.c and d) 
and8-M0P(e). 
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Fig. B Melting profile of control and modified DNA fragments: Native 
DNA (-0-), 200 bp DNA fragment (-4-) and DNA-8-M0P 
photoadduct (-•-}. 
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Fig. 9 Thermal denaturation characteristics of native (-0-) and ROS-
modified DNAfragments (-•-). 
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be y y c . These results exhibit a net decrease of Q^ C in the Tm value 
for the ROS-modified DNA when compared to its unmodified native 
form. The decrease in Tm to the extent of S^C is due primarily to a 
structural alteration of the DNA which occurs upon generation of 
single stranded breaks. The physio-chemical characteristics of native 
and modified DNA has been presented in Table II. 
Nuclease SI Digestion of ROS-Modified DNA Fragment 
Calf thymus DNA fragments (200 bp) and corresponding ROS-
modified DNA were treated with nuclease S1 (200 units/mg DNA). 
Agarose gel electrophoresis was performed to detect the digestibility 
profile. Control experiments were carried out with native DNA and 
denatured DNA without UV irradiation. 
Figure 10 shows the nuclease S1 sensitivity of ROS-modified 
and unmodified DNA samples. In case of modified DNA there is a loss 
in intensity of DNA band. Native DNA was unaffected after nuclease 
S1 digestion. Hydrogen peroxide in presence of UV light therefore 
created sufficient structural alterations in DNA resulting in partial 
digestion by single stranded specific S I . 
Nuclease S I Sensit ivity of DNA-8-MOP Photoadduct 
Nuclease S1 has been used in probing the mono or diadduct 
nature of photoadducts. The PAGE of DNA-8-M0P photoadducts 
irradiated at 10. 20 and 40 minutes and their corresponding controls, 
in the presence or absence of nuclease S1 is given in Fig. 11. Native 
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TABLE - II 
Ultraviolet and Thermal Denaturation Characteristics 
of Native and ROS-Modified DNA Fragments of 200bp. 
Parameter Native DNA ROS-DNA 
Absorbance (260/280) 
Melting temperature (Tm°)C 
Percent hypochromicity at 95°C 
1.88 
88 
47.3 
1.61 
77 
25.8 
37 
i 25V56?-S9 
Fig. l i Nuclease S1 digestion of DNA-8-M0P. After S1 digestion, 
samples were subjected to electrophoresis on 7.5% 
acrylamide gel. Native DNAfragment (lane 1), nDNAdigested 
with nuclease S1 (lane 2), denatured DNA digested with S1 
(lane 3). Lanes 4 to 6 represent DNA-8-M0P photoadducts 
(10, 20 and 40 minutes irradiated samples) treated with S1. 
Lanes 7 to 9 represent untreated DNA-8-M0P samples. 
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Fig. 10 Nuclease S1 sensitivity of hydroxyl modified DNA. Native 
fragments and ROS-modified DNA fragments were treated 
with nuclease S1 (200 units/mg of DNA). Native DNAfragment 
(lane 1), native DNA treated with nuclease SI (lane 2), 
denatured DNA (lane 4) and ROS-DNA treated with nuclease 
SI (lane 5). 
3? 
DNA fragments and nDNA treated with nuclease S1 showed similar 
electrophoretic pattern while heat denatured DNA was completely 
digested with nuclease S1 . Native and S1 treated DNA-8-M0P 
photoadduct showed similar band movement and fluorescent intensity. 
Sedimentation Behaviour of ROS-Modified DNA 
Native DNA and ROS-modified DNA samples were processed 
for alkaline sucrose density gradient centr i fugation. Samples were 
denatured by the addition of 0.2 N NaOH, transferred to top of 5-20% 
linear alkaline sucrose gradient and sedimented at 37,000 rpm for an 
hour. Absorbance was read at 260 nm and data were plotted as 
absorbance at 260 nm against fraction number. Figure 12 shows the 
sedimentation profi le of ROS-modified DNA and native DNA. Native 
DNA sedimentat ion profi le showed a sharp symmetrical peak 
indicating high molecular weight species. Hydrogen peroxide treatment 
in presence of UV light caused single-strand breaks in DNA which can 
be observed as a change in sedimentation behaviour and formation of 
low molecular weight species. 
Digestion with Restriction Enzymes IHaeiil and EcoRI 
Native calf thymus DNA fragments and DNA modified with 8-
methoxypsoralen at different time intervals (10, 20 and 40 minutes) 
were subjected to digestion with restriction enzyme Haell l . PAGE was 
performed to analyze DNA digest ion. Native DNA fragments and 
DNA-8-M0P photoadduct showed Identical electrophoretic migration 
pattern as that of digested samples. By comparison of control, it can 
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Fig. 12 Profile showing sedimentation of native (-•-) and ROS modified 
DNA (-0-) through alkaline sucrose density gradient. 
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be seen (Fig. 13a) that Hael l l has no recognit ion site in native calf 
thymus DNA as well as in modified DNA. Activity of Haell l was checked 
by treating pBR322 DNA with Hael l l . pBR322 DNA was digested by 
Hae III yielding 22 fragments (Sutcliffe, 1978) which can be visualized 
on 15% acrylamide gel (Fig. 13b). 
Similar results were obtained when calf thymus DNA fragments 
and DNA-8-M0P photoadduct were subjected to digest ion with 
restriction enzyme EcoRI (Fig. 14a). Controls and digested samples 
were analysed on 15% PAGE. Samples digested with EcoR1 showed 
identical electrophoretic pattern as that of control samples. The results 
suggest that EcoRI has no recognit ion site in native as well as in 
DNA-8-MOP photoadduct. 
Catalytic activi ty of EcoRI was analysed by the digestion of 
plasmid DNA (p Bluescript DH^ a "KS") with EcoR I . EcoRI has one 
recognition site on pBlue script DH^. Single band of l inearized plasmid 
DNA on agarose gel as wel l confirms the catalytic activity of EcoRI 
(Fig. 14b). 
Photoaddition of 8-MOP to poly(dA-dC).poly(dG-dT) 
Poly(dA-dC).poly(dG-dT) and 8-MOP were irradiated for 30 
minutes under ul traviolet l ight of wavelength 365 nm. The irradiated 
and corresponding control samples were extensively dialyzed against 
0.01 M sodium phosphate buffer (pH 6.8) to remove free drug. UV 
absorption spectra of 8-MOP exhibited three distinct peaks centered 
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Fig. 13 Digestion of DNA-8-M0P photoadduct with restriction enzyme 
Haelll. 
a) After Haelll digestion the samples were subjected to 15% 
polyacrylamide gel electrophoresis. Native DNA fragments 
(lane 1), nDNA treated with Hae III (lane 2). Lane 3 to 5 
represent DNA-8-M0P photoadduct irradiated at different 
time intervals (10, 20 and 40 minutes). Lane 6 to 8 represent 
untreated photoadducts. 
b) pBR 322 DNA was digested with Hae III. pBR 322 DNA (2Mg) 
(lane 1), pBR 322 DNA with 2 units of Hae III per ^g DNA (lane 
2), 5 units of Hae III per |jg of DNA (lane 3), 10 units of Hae 
III per (jg of DNA (lane 4). 
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Fig.14 Digestion of DNA-8-MOPpliotoadductwith restriction enzyme 
EcoRL 
a) After EcoR1 digestion the samples were subjected to 7.5% 
PAGE. Native DNA fragments (lane 1), nDNA digested with 
EcoR1 (lane 2).Lane 3 and 4 represent DNA-8-M0P 
photoadduct (irradiated at 10 and 40min. respectively). Lane 
5 and 6 represent untreated controls. 
b) Plasmid DNA (p Bluescript DH^ a 'KS") was digested with 
EcoR1. Plasmid DNA (lane 1) and plasmid DNA treated with 
EcoR1 (Iane2). 
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at 215, 245 and 300 nm with a shoulder at 261 nm(F ig . 15).Poly(dA-
dC).poly(dG-dT)-8-MOP photoadduct showed hypochromicity at 260 
nm and substantial increase in absorbance at 300 nm which confirms 
the formation of photoadduct. 
Nuclease SI Sensitivity of Pliotoadduct 
The polyacrylamide gel electrophoresis (7.5%) of poly(dA-
dC).poly(dG-dT)-8-MOP photoadduct and corres- ponding controls 
under native and heat denatured conditions in the presence or absence 
of S1 nuclease is given in Figure 16. Lane 1 showed native polymer, 
heat denatured poly (dA-dC).poly(dG-dT) and denatured polymer 
treated with S1 showed similar band pattern (lanes 2 and 3). Heat 
denatured polymer was completely digested by nuclease S1 . Native 
polymer in presence of S I showed a discrete band (lane 4). Native 
photoadduct showed no digestion after S1 treatment (lane 5) whereas 
heat denatured photoadduct showed similar band movement but less 
f luorescence intensity. 
Detection of Anti-DNA Antibodies in SLE Sera 
The direct binding of SLE antibodies to native DNA was 
determined by ELISA. Out of various SLE serum samples tested, 
three of them showed high titer of anti-DNA autoantibodies (Fig. 17). 
Anti-DNA Antibody Binding to Various iVIodified DNA 
For the visual detection of antigen ant ibody binding and 
format ion of immune complexes, band shift assay was performed. 
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Fig.15 Ultraviolet absorption spectra of 8-MOP (—),poly (dA-
dC).poly(dG-dT)( ) and poly(dA-dC).poly(dG-dT)-8-MOP 
photoadduct (--). 
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ig.l6 Nuclease S1 digestion of poly(dA-dC).poly(dG-clT)-8-MOP 
photoadduct. 
Native polymer (lane 1), heat denaturated polymer (lane 2), 
denatured polymer treated with nuclease S1 (lane 3) and 
native polymer treated with S1 (lane 4), poly(dA-dC).poly(dG-
dT)-8-M0P photoadduct treated with S1 (lane 5) and heat 
denatured photoadduct digested with nuclease S1 (lane 6). 
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Fig. 17 Direct binding ELISA with SLE sera from three patients (-0-; 
; -©-; -0-) and normal human serum (-•-). Plate was coated 
with native DNA. 
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When mixtures of SLE IgG (purif ied on Protein A-Sepharose CL-4B 
column) and ROS-DNA were subjected to agarose gel electrophoresis, 
the complexes showed different degrees of retarded mobility (Fig. 
18). With increasing IgG concentrat ion, the amount of immune 
complexes formed also increased as revealed by f luorescence 
intensity, whereas the amount of unbound DNA showed a proportional 
decrease. This conclusively shows the binding of SLE antl-DNA 
antibodies to ROS-DNA. 
When mixtures of purif ied SLE IgG and 8-MOP photomodified 
DNA fragments were subjected to gel electrophoresis, a proportional 
decrease in ant igen f luorescence with increas ing ant ibody 
concentration as a consequence of immune complex(es) formation 
was observed (Fig. 19). These results clearly show the recognition of 
PUVA- modified DNA by SLE anti-DNA autoant ibodies. 
Similar results were obtained when SLE IgG binding to poly(dA-
dC).poly(dG-dT)-8-MOP photoadduct was visual ized by band shift 
assay. Mixtures of antigen and varying amounts of IgG after incubation 
were subjected to agarose gel electrophoresis. Non-movement of the 
mixtures of photoadduct and SLE IgG was taken as a measure of 
immune concentrat ion. The amount of immune complex formed was 
increased as indicated by the enhanced f luorescence intensity of 
immobile band at the top of the well (Fig. 20). The data conclusively 
shows the binding of SLE anti-DNA antibodies to poly(dA-dC).poly(dG-
dT)-8-M0P photoadduct. 
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Fig. 18 Gel retardation assay of the binding of SLE IgG to ROS 
modified DNA. ROS-DNA (2 jig) (lane 1). Lane 2 to 
represent ROS-DNA with increasing concentrations of SLI 
IgG (20 pg, 40 j jg, 60 pg and 80 pg). 
^ 
i Z Z ^ 5 
Fig. 19 Gel retardation assay of the binding of SLE IgG to poly (dA-
dC).poly(dG-dT)-8-MOPphotoadduct. 
Native photoadduct (lane 1). Lane 2 to 5 represent binding of 
photoadduct with increasing concentrations of SLE IgG (20 
Mg, 40 ng, 60 |jg and 80 pg). 
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Fig.20 Gel retardation assay of the binding of SLE IgG to DNA-8-
MOP crosslink. 
DNA-8-M0P (0.3 ^g) (lane 1). Lane 2 to 5 represent DNA-8-
MOP crosslink with increasing concentrations of SLE IgG (25 
pg. 50 | jg, 75 J^g and 100 |jg). 
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DISCUSSION 
The presence of antinuclear antibodies in the sera of patients 
suffering from various autoimmune disorders is of considerable 
importance. These naturally occurring antibodies serve as markers of 
diagnostic and prognostic signif icance in SLE, and also provide 
molecular biologists valuable tools for the better understanding of 
cellular processes. (Koffler et al , 1974; Woodruff et a l , 1986; 
Pisetsky e t a l , 1990). 
There has been considerable interest in recent years on the 
damaging potential of reactive oxygen species (ROS) on living system 
(Bulkley, 1983; Hall iwel l , 1987). DNA of l iving cells is considered to 
be the principal target for ROS and damage occurs at the site where 
the reduced metal bound to DNA reacts with hydrogen peroxide (Que 
e ta l , 1980; Gutteridge and Hall iwel l , 1982; Czapski, 1984; Goldstein 
and Czapski, 1986). 
The formation of interstrand DNA crossl inks by near UV 
irradiat ion is well establ ished (Song and Tapley, 1979; Ortel et al, 
1991). The high photobiological activity of furocoumarins has mainly 
been related to their strong photobinding to DNA (Bordin et al , 1992). 
In the present study, the interaction of hydroxyl radical, generated 
by UV irradiat ion of hydrogen peroxide in presence of DNA, resulted 
both in single strand breakage and modif ication of DNA bases. The 
UV absorption characterist ics of native and 8-MOP-modified DNA 
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were monitored. A decrease at 260 nm and a signif icant increase at 
300 nm indicated the formation of photoadduct. The observed 
hypochromicity in modified DNA may be caused by the formation of 
crosslinks in DNA. 
Thermal denaturation of ROS-DNA resulted decrease in melting 
temperature indicating the presence of single stranded regions which 
is also revealed by alkaline sucrose sedimentation gradient analysis. 
These data are compatible with chemical studies implicating hydroxy! 
radicals as mediators of strand breakage (Meneghini and Hoffman, 
1980; Hoffman et al, 1984). The melting curves of DNA after irradiation 
at 365 nm in the presence of furocoumarins (8-MOP) showed a sharp 
increase in Tm value of DNA. The increase in Tm values of modified 
conformer suggests that the helix was resisting heat induced strand 
separation. 
Previous studies have demonstrated that various forms of DNA 
damage create structural distort ion in DNA large enough to be 
recognized by single strand specific nucleases. (Kato and Fraser, 
1973; StorandLev, 1973; Shishido and Ando, 1974; Yamasaki et al, 
1977). Present results with single stranded specif ic nuclease SI are 
consistent with these f indings. Thus hydroxyl radicals appeared to 
generate sufficient distort ions to act as substrate for nuclease S I . 
Nuclease S1 digestion data of DNA 8-MOP photoadduct suggests 
that modified DNA is being renatured indicating the presence of 
crosslinked species. DNA-8-M0P photoadduct when digested with 
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restr ict ion enzymes Hael l l and EcoR1 it suggests that restriction 
enzymes has no recognition site in native as well as in modified DNA. 
The f o r m a t i o n of p o l y ( d A - d C ) . p o l y ( d G - d T ) - 8 - M O P 
photocrossl ink was evaluated by ul traviolet and nuclease S1 
digestibi l i ty data. The observed hypochromicity at 260 nm and 
increase at 300 nm confirms the formation of photoadduct which is in 
consistance with previous reports (Cimino et a l , 1985). Nuclease S1 
digestion data also indicated the formation of crossl ink. Had it been 
the formation of monoadducts, enhanced digestion of heat denatured 
photoadduct with S1 would have been observed. 
The origin of autoantibodies in systemic lupus erythematosus is 
unknown and the mechanism that accounts for the diversity of 
serological abnormalit ies in this disease is poorly understood (Alam 
e ta l , 1992). The direct binding ELISA was performed for the detection 
of anti-DNA antibodies in SLE sera. Three samples from SLE patients 
showed high titre of anti-DNA autoantibodies. 
The autoantibodies purified through Sepharose 4B column 
showed appreciable recognition of ROS-DNA, DNA-8-M0P and 
poly(dA-dC).poly(dG-dT)-8-MOP photoadducts. In the present study, 
anti DNA antibodies from SLE sera showed considerable binding to 
ROS-DNA. The strong binding potential of anti-DNA IgG towards 
DNA-8-M0P and poly(dA-dC). poly (dG-dT) -8-M0P crossl inks 
demonstrates the possible participation of a modified DNA antigen in 
SLE pathogenesis. 
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